Economically, food industry is one of the fastest growing industries throughout the world generating a high level of competitiveness among producers. Colour of food creates a psychological anticipation for a certain flavour To fulfill the demands of the consumers, the producers add more and more colours to the food to modify its appearance without being concerned about its adverse health effects. The objective of the present study is to evaluate the toxicity of food dyes tartrazine and sunset yellow on the mitotic cells of Trachyspermum ammi (ajwain). Both the dyes were implemented at the four doses viz. 0.5%, 1.0%, 1.5% and 2.0% in the root tip cells of T. ammi. Mitotic indices and chromosomal anomalies were calculated. Frequently observed chromosomal anomalies were stickiness, precocious movement, c-metaphase, bridges, laggards, unorientation and forward movement, etc. The result suggests the genotoxic consequences of two food dyes in the root tip cells of the test system used.
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With rapidly changing lifestyles, there has been great advancement in food preparation. Now-a-days, well over half of the foods that we consume, contain different types of food additives. Food additives fall into different categories for example, food preservatives, artificial sweeteners, artificial dyes, etc. Dyes are a class of food additives without nutritional value which are added to foods with the objective of providing colour thus making the product more attractive and increasing its consumer acceptability (Polônio and Peres 2009 ). Colour of food is an important characteristic and criterion for its selection. The perceived colour satisfies a psychological need in us and provides an indication of the expected taste of a food. In the developing food industry of the late 19 th century a wide range of synthetic colours were used, but issues over the toxicity of these additives led to the development of legislation controlling the types and quantity of these synthetic colours that could be added to food (Chapman 2011) .
On a worldwide basis, the control of the use of food dyes is based on the Acceptable Daily Intake (ADI), which is based on the results of international research and the recommendations of the Codex Committee on Food Additives and Contaminants (CCFAC) (Bessonov et al. 2011; Ganesan et al. 2011) . The joint FAO/WHO Expert Committee on food additives gave several reports and other documents like monographs from their previous meetings upto 2012.
Azo-dyes are most commonly used by the food industry. Among these azo-dyes, sunset yellow and the tartrazine are very common and easily available in market which have been extensively used in cereals, candies, dairy products, jellies, ice creams, soft drinks, deserts yogurts, fillings and powdered juices. Synthetic dyestuffs became potential suspects for causing cancer because it is continuously being exposed to human population and this type of long time exposure can damage some specific biomolecules such as DNA (Renjana et al. 2013) .
Both the dyes used in this study are, permitted in India. Tartrazine (E102, FD&C Yellow 5, Acid Yellow 23 and, Food Yellow 4) is used with a recommended Acceptable Daily Intake (ADI) of 0-7.5 mg kg -1 body weight whereas in 2009, EFSA (European Food Safety Authority) decided to reduce the ADI of sunset Yellow FCF (E110, Orange Yellow S, FD&C Yellow 6) from 2.5 mg/kg to 1.0 mg/kg bodyweight per day. These dyes are responsible for allergic reactions in human population (Stenius 1976; Ibero et al. 1982) . Due to anaphylactic potential, the use of tatrazine and sunset yellow was banned in Norway. ("Food additives". CBC News, 2008) .
The bioassays with plants have been considered quite sensitive and simple in the monitoring of the genotoxic effects of chemical compounds (USEPA) (Grant 1982; Iganci et al. 2006) . Plant assay is now considered as genotoxic bio-indicator and one of the most efficient and cost effective approach which is easily associated with the conclusions of human test system. Since, plant systems are less expensive and easier to monitor, might be employed for screening of clastogenic potential and may be a valid alternative to laboratory animals (Giri 1991) . T. ammi, belonging to family Apiaceae and highly valued for its medicinal properties. Studies on the genotoxicity of medicinal plant should be prioritized; in this way we invest research efforts towards public health (Tedesco and Laughinghouse 2012) . It is a traditional annual herb and extensively used for the treatment of various diseases in human. The somatic complement of ajwain is 2n = 18. The reduced number, appropriate size and less sticky behaviour of chromosome shows that it is another ideal test plant for testing genotoxicity. In view of above facts, the present study was intended to investigate the impact of tartrazine and sunset yellow on root meristem of T. ammi.
MATERIALS AND METHODS

Procurement of seeds
The seeds of T. ammi var. AA-1 were collected from National Research Centre for Seed Spices, Ajmer, Rajasthan, India.
Food dyes used 1: Sunset yellow FCF (E110), molecular formula-C 16 H 10 N 2 Na 2 O 7 S 2 , molar mass-452.37 g mol −1 . 2: Tartrazine (E102), molecular formula-C 16 H 9 N 4 Na 3 O 9 S 2 , molar mass-534.3 g mol-1
Treatment Germinated seeds of T. ammi were treated with Sunset yellow and Tartrazine in aqueous solution for 3 hours duration at different concentrations viz. 0.50%, 1.0%, 1.5% and 2.0%. One set of germinated seeds was maintained as control. Treated seeds at different concentrations were thoroughly washed and fixed in Carnoy's fixative (1:3 glacial acetic acid and absolute alcohol solution) for 24 hours. The root tips were preserved in 70% alcohol and stored in 4ºC until use.
Preparation of mitotic slides
Fixed root tips were hydrolysed in 1N-HCl for 5 min at 60ºC,washed with tap water to remove excess of HCl, and dried with blotting paper. Dried root tips were placed in watch glass containing 2% standard acetocarmine stain. Mitotic slides were prepared by using squash technique with 2% acetocarmine. For each dose 3 slides were prepared and 10 microscopic fields were analyzed. Suitable cells were photographed under a Nikon research photomicroscope.
Statistical analysis
All the statistical analyses of cytological observations have been done by using SPSS 16.0 software to measure mean values of variables.
RESULTS AND DISCUSSION
The result of the present investigation revealed that both of the two food dyes treated sets exhibited the aberrant chromosomal array with lower rate of diving cells (mitotic index). The active mitotic index (AMI) of the control set was found to be highest i.e. 11.94% (Table 1) with normal type of chromosomal behaviour such as standard arrangement of chromosomes at metaphase (2n = 18) ( Figure B ) and usual separation (18:18) at anaphase ( Figure C) was observed.
As shown in the table, the gradation of AMI decreased dose dependently, whereas aberrant cells were increased. The lowest AMI was recorded for the 2.0% concentration of sunset yellow and tartrazine such as 8.17% and 5.16%, respectively (Table: 1), whereas aberrant cells were increased after increasing the concentration of both the food dyes. The total abnormality percentage (Tab) was increased from 3.37% (at 0.5% concentration) to 13.29% (at 2.0% concentration) in case of sunset yellow while 3.34% (at 0.5% concentration) to 14.76% (at 2.0% concentration) for tartrazine (Table 1 ). An extensive range of chromosomal anomalies were observed viz. precocious movement of chromosomes ( Figure D) , unorientation at metaphase (Figure E (Table 2) . From the observed result, it was evident that tartrazine is quite more destructive in comparison to sunset yellow. Now-a-days colour additives are more strictly regulated than any other time in history. Hence, any food additive requires FDA approval for use prior to its inclusion in food (AbdelMigid 2009). In spite of restricted use demanded by the regulatory organizations, the use of these dyes in food increased with the time and still raises doubts as to their toxicity. Recently, researchers have been paying attention towards these azo food dyes as they are responsible for various immunological reactions causing urticaria (hives) or even asthma. The anaerobic reduction and cleavage of azo-bonds by mammalian intestinal microorganisms can generate degradation products (e.g., aromatic amines) potentially mutagenic and carcinogenic and they have been prohibited from use (Combes and Haveland-Smith 1982; FAO 1984; Ashkenazi et al. 1991) . These degradation products of azo-dyes accumulate in the body if regularly consumed by human which may cause several adverse health effects including cancer. AMI is used as an indicator of cell proliferation biomarker which measures the proportions of cells in the mitotic phase of the cell cycle (AbdelMigid and Abdelrahman 2013). Reduction in the mitotic activity could be due to inhibition of DNA synthesis or a blocking in the G2 phase of the cell cycle, preventing the cell from entering mitosis (Sudhakar et al. 2001) .
The chromosomal aberrations might be directly related either with the damaged DNA or its associated protein or prevention of normal repairing mechanism of chromosomes during the cell cycle. A wide series of chromosomal aberrations were induced by both the treatments but the most pronounced chromosomal aberration was stickiness of chromosomes. Stickiness could be due to depolymerization of nucleic acids caused by mutagenic treatment or due to partial dissociation of the nucleoproteins and alterations in their pattern of organization (Kumar et al. 2003) . Aromatic amines produced by cleavage of azobonds which may form complexes with the negatively charged groups of DNA which makes some changes in the property of chromosomes and after the condensation, sticky chromosomes might be formed. Sticky chromosomes reflect highly toxic effects and may lead to cell death (Fiskesjo 1985) by inducing clastogenic abnormality such as chromosomal bridges. Stickiness has been attributed to the effect of pollutants and chemical compounds on the physical-chemical properties of DNA, protein or both, on the formation of complexes with phosphate groups in DNA, on DNA condensation or on formation of inter-and intra-chromatid cross links (El-Ghamery et al. 2003) . As reported by Badr (1988) and Grant (1978) , due to stickiness of chromosome at metaphase and their failure to separate at anaphase or due to breakage and reunion of chromosome bridges might be formed. Aromatic amines might be involved in the spindle dysfunction by making complexes with the tubulin molecules and causing other abnormalities such as, c-metaphase, unorientation and laggards. The precocious movement of the chromosome might have been caused by the early terminalisation, stickiness of chromosomes and/ or because of the movement of chromosome ahead of the rest during anaphase (Permjit and Grover 1987) .
The study of the carcinogenic and genotoxic effects of food dyes was established by some authors which gives variable results in various systems, DNA damage induced by tartrazine in rat by Himri et al. (2012) and Hassan (2010) , Gomes et al. (2013) and Ventura-Camargo et al. (2011) in Allium cepa L., AbdelMigid (2009) in Vicia faba L. and Das and Mukharjee (2004) in Salmonella. All of these studies support the data obtained in the present study and confirms the genotoxic potential of these dyes in the cells.
CONCLUSION
The results obtained in the present cytological study indicates the genotoxic potential of sunset yellow and tartrazine on root meristematic cells of T. ammi. The assessment of safety level of these food dyes in our food is an important task, as the results indicate that they can induce frequency of detrimental reactions in individuals. As we are the custodians of our own health thus, these type of studies are helpful to explore our knowledge about the toxic potential of these artificial colours. Moreover, such type of reports are helpful for the committees to decide more appropriate optimum tolerable limits of these very common food dyes. Conclusively, for avoiding and minimizing the use of chemicals in food products, more strict rules should be established by the experts of the administrative system.
